Higgs Effective Field Theory (HEFT) is deployed to study elastic vector-boson scattering at the high LHC energies. The interaction is strong over most of the parameter space, with the minimal Standard Model being a remarkable exception.
The remaining key task for the LHC is to study the Electroweak Symmetry Breaking Sector (EWSBS) composed of the W L and Z L longitudinal components of the gauge bosons (which, by the Equivalence theorem, we identify at high-energy with the ω i Goldstone bosons) and the Higgs boson h. The Standard Model (SM) is the minimal theory for these four particles, and there are extensive theory studies assisting LHC efforts to extract the coefficients of its SM-EFT extension [1] .
A more general extension of the SM is the Higgs-EFT (HEFT). It does not assume that the Higgs boson belongs to a doublet representation of the electroweak gauge symmetry, and keeps the most general couplings of the new scalar particle to the Goldstone bosons of electroweak symmetry.
It may be that, if new physics is active at a higher energy (perhaps unreachable by the LHC), the experiments are still able to measure separations of the Lagrangian parameters from their SM values. It is then a theory problem to discern what the new high-energy dynamics might be and at what energy they may appear, a key question for the planning of future endeavors.
A first option to link the low-energy HEFT to the scale of new physics is to project the underlying theory to saturate the low-energy constants by the parameters of the new resonances [2] . This procedure's poster child is the QCD ρ meson. For example, the l 1 and l 2 parameters of the chiral Lagrangian have been extracted from precision studies of low-energy data near the pion-pion threshold [3] and various studies based on resonance saturation yield comparable results (see tables III and IV of [4] ) if precision is not required (obviating also the difficulty of deciding at what renormalization scale should the parameters be chosen to be saturated by the resonances). Application of this method requires at least an idea of what shape does the new physics take (since projecting from high to low energies is an information-lossy procedure).
A second option that we here pursue is to extend chiral perturbative evaluations with the lowenergy parameters by employing basic theoretical principles such as unitarity and causality (encoded in dispersion relations). A complete description of the method has been put forward in [5] .
The HEFT Lagrangian is an Electroweak chiral Lagrangian extended by a scalar field, and builds on the known interactions of Goldstone bosons, extending these interactions to couple the Goldstone bosons with the additional low-energy Higgs field as [5, 6] 
which has seven parameters, a, b, a 4 , a 5 , g, d, and e (see [7] for a recent analysis). [8] ). The generic form of the custodial isospin-angular momentum t IJ amplitudes derived from this Lagrangian density is an expansion in powers of s. They adopt the generic form
where K, B, D and E depend on the parameters of the Lagrangian density. For example [5, 6] , for the ωω → hh process in an s-wave, in terms of the renormalization scale µ,
In the Standard Model all the NLO derivative coupling parameters vanish, particularly d = e = 0, and the LO ones take the simple a = 1 = b value 1 ; the O(s 2 ) terms vanish directly while the O(s) ones cancel because they are proportional to the (a 2 − b) combination, reflecting the cancellation of Figure 1 . Thus, the Standard Model remains renormalizable and weakly coupled even at large s. This is not the case for theories with new high-energy content, that reflect in deviating LO and/or NLO parameters.
The interesting question is then how should the LHC data be used to assess that new content, in case any SM deviations are found. Our answer is to construct amplitudes for the ω i and h bosons with theoretically sound properties (unitarity, order by order renormalizability and causality in the form of s plane analyticity safe cuts, and agreement with the low-energy EFT when expanded at low-s). We have explored several methods (the improved-K matrix, the large-N expansion, the N/D method, and the Inverse Amplitude Method) and found them to yield similar results for the high-energy scale when fed with the same low-energy parameters.
To exemplify, let us show one calculation for ωh → ωh with the IAM which, in spite of its sophisticated anchoring in dispersive theory, takes a very simple algebraic form as
built from the order s and s 2 terms of the amplitude's perturbative expansion. A check on the reliability of the IAM has been carried out [9] by eliminating a heavy scalar particle from the theory and trying to reconstruct its mass (successfully) from its imprint in the low-energy parameters. Figure 2 presents, on the left panel, the dependence on the (e−2d) parameter combination (see [10] for a complete analysis of this channel). Figure 2 : Left: resonances in the elastic ωh → ωh channel (Mandelstam-crossed from the ωω → hh treated in [11] ). From left to right the mass of the new physics resonance increases, corresponding to decreasing values of the (e − 2d) combination of low-energy HEFT NLO parameters. Right: the resonance mass (extracted at saturation of unitarity I m t 11 = 1) as function of (e − 2d) = e (we set d = 0) from the left plot. As the LHC proceeds from right to left setting bounds to the parameter, which can be done from low-energy measurements at high precision, it also sets a bound on the mass-scale of the new physics. The Standard Model is recovered by sending (e − 2d) → 0 (with a 2 = 1 = b) which removes the resonance from the spectrum, M → ∞.
